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PREFACE

The present volumes contain 768 abstracts submitted to the 15th General
Meeting of the International Mineralogical Association to be held in Beijing,
China from June 28 to July 3, 1990.

Mineralogy, a fundamental science of geology, has a long history of its re-
scarch. In the past decades, the rapid development of mineral physics has great-
ly improved the techniques and methods for studying this classic discipline, thus
causing the research to be more comprehensive and deep—going and the science
itself to embrace more and more branches. Considering the trend in mineralogy
~and the requirements of its branches, the Council of the International
Mineralogical Association and the Scientific Committee of the 15th IMA Gen-
eral Meeting organize 28 symposia (or sessions) during the Meeting.

The abstracts included are grouped in the light of the titles of symposia (or
sessions), and within each group, they are arranged in alphabetical order of the
first authors, with some abstracts which arrived too late as an exception. It is to
be noted that the classification of abstracts into symposia (or sessions) is based
on the authors’ own choice. Most of the abstracts have been reproduced
directly from the camera—ready copies prepared by the authors, and a number
of them had to be retyped to get into the correct format.

To view the volumes as a whole, we can see that the abstracts, with falrly 1
high level, involve profound subjects related to mineralogy, and some of them
are up to the advanced world level.

The Scientific Committee of the General Meeting 1s very much grateful to
the Council of International Mineralogical Association, the IMA Commissions
and Working Groups, the conveners of all symposia (or sessions), Chinese
Academy of Geological Sciences and its Institute of Mineral Deposits and the
Geological Society of China for their great support and generous efforts.

Many thanks are also extended to Zhao Donggao and Zhou Jianxiong
who have done a lot of work for the publication of the two volumes.

Huang Yunhu
First Vice President of IMA

Chairman
Scientific Committee
15th IMA General Meeting
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GENETIC MINERALOGY AND PROSPECTING
MINERALOGY

5. C. AMSTUTZ. Mineralogic-Petrological Institute ot the 1:) A*?S_
University of Heidelberag.

Pseudomorphs - a revision of the terminology and of their genetic
meaning 1n petrology and ore genesis.

The geometric and compositional steps in the formation ot
pseudomorphs are fairly well known, understood and pictured in
figure 1. One aspect, however, is still controversial. This is the
mimetic replacement of a phase A by a phase B (or C), where the
final product is assumed to 111 the space of A so perfectly and
"crystallo—graphically"” that the original presence of A 1s not any
longer recegnized. Are such cases of pertect mimicry possible (or
are we "mimicking" ourselves, when introducing this hypothesis into
genetic theories)? In other words, are such perfect pseudomorphs
possible though rare and products of replacement, or are they
assumptions of the i1mpossible.

The statistical treatment of several thousands of pseudomorphs
of all kinds of crystal lattices and compositions resulted in a
clear minimum in the grain size distribution between the original
phase A and any new (secondary) phase B or (ternary) phase C. The
grain sizes of the new phases is, without known exceptions, between
about 10 and 100.000 times smaller than that of the original phase A
{ffigure 1, leftt side). In addition, the orientation of the new
phases is different, with very few exceptions which may represent a
form of epitactic growth. Consequently, the evidence 1s strong
against the formation of optically homogenous "end—-products” of

infilling. -

A second problem arises from the fact that the existing
definition of pseudomorphs does not include cases where the shape of
the crystal is preserved and marked by an outline of remnant
material, but where the phase B (or C) has grown beyond the original
borders of the grain. This is shown on the right side of figure 1.
These "ghost-crystals"” are common and 1t is proposed here that their
geometry corresponds 1n ftact tc both parts of the word pseudo-—
morphs. They are "pseudo"-crystals and their shape (greek "morphae")
is visible. In a broad sense, any natural object - also fossil
cells, leats, etc. — may be pseudomorphically changed., filled and/or
replaced by a phase B or T etc. -

The second topic of this abstract is intrinsically related to
the first one. I+ the central column of Figure 1 is a "forbidden
area” for pseudomorphs, various genetic theories in petrology and
ore genesis must be revised. The rocks and ores in question may
belong to the class of processes +tor which experiments (syntheses)

B




are still missing.

The following conclusion will be drawn: The term "mimetic
replacement” 1s often erronesocous and/or premature and should not be

used when accurate and systematic observations on pseudomorphism are
missing.

A A+8+C+... (A+)B+C+...

Verbreiteter Mechanismus der Pseudomorphosenbildung: das
ursprungliche Mineral A wird schrittweise in ein Gemenge B (+
C + D etc.) umgewandelr. Es resultiert in der R egel ein Gemenge

(ein sogen. Mosaik), das mono- oder (haufiger) polvmineralisch
ist, also aus B + C + D etc. besteht.

Ize es oLPseudo morp hio
t

rcp/acemen

patierns (size} of Fi/lling

internal
mosae;¢
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PETROGRAPHIC STUDIES AND MINERALIZATION OF SENDJ DEPOSIT,
KARAJ, IRAN.

Fireuz Alimia, Mining Imstitute, Amirkabir Umiversity ef Te~
chaelegy, 424 Hafez Ave., Tehram, Iran.

Ahmad Khakzad, Department of Geelogy, Shahid Beheshti Unmiv.
Evin, Tehran, Pestal cede 19834, Iranm.

The Serdj  ere depesit is lecated abeut 45 km. nerth ef Karaj

Iram. Frem petrsgraphic view the depesit includeg the felle-~-
wing urits: a) Tuffaceous series with the thickmess between
200 te 250 meter, which are Tertiary imn age. These recks
range 1mn cempesitien frem andesitic type te trachyamdesite,
b) Perphyritic andesite which everlies the tuffs with the
thickness ranging frem 40 te 50 meter. The cempesitienm ef
these recks ranges frem trachyandesite te trachyandesite-
basalt, c¢) The perphyritic amrdesite is everlain by a memze-
mite s1ll, which has a thickness of abeut 150 meter. The
bettem part ef the sill has the cempesitien ef meanzedierite
and the tep part is cempesed ef quartz menzenite te alkali-
menzenite.

Mineralizatien im Sendj depesit eccurs mestly im perphyri-
tic andesite and less s in the tuffs. The mimeralizatien
which are mainly en the ferm of veinlets cemtains chalcepyr
ite, melybdenite, niccelite and cebaltite. Miner ere minera
ls include amabergite, erithrite, Galema, Sphalerite, and
pyrite.

The percentage of differemnt metals in the samples taking
frem the prespect has been estimated as fellews: Cu(S5-14%),

Me( 0.6-1.2%), Ni( 0.15-1.7% ), Ce( 0.7-2% ), Au( 1-2ppm ).

Geechemical imvestigatiems indicated that memzenite is peer
in mimeralizatiem, but the ameunt ef Cu, Ni, Ce, B, Pb, Zn,
and S are high in perphyritic andesite.

Ore micreacepic studies amd paragenesis of the minerals in-

dicate that the mimeralizatien has been occurred in a hydre-
thermal cemnditiem and it is suppesed that the area ceuld be

investigated fer a pessible Cu-Me perphyry depeasit.

ALTERATIONS AT THE BOTTOM OF GEOTHERMAL SYSTEMS: THE CASE
STUDY OF SAINT MARTIN (LESSER ANTILLES).

D. BEAUFORT, P. PATRIER, AND A. MEUNIER, Laboratoire de
pétrologie des altérations hydrothermales, U.A. 721 CNRS,

Université de Poitiers, 40 Avenue du Recteur Pilneau, 86022
POITIERS CEDEX, FRANCE.
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The Island of Saint Martin belong to the andesitic wvolcanic
arc of the lesser antilles along the eastern margin of the
caribbean plate which 1is underthrust by the Atlantic ocean
floor. The island of Saint Martin is composed by a sequence
of Eocene sedimentary and volcanic rocks intruded by a 30 MY
old quartz diorite pluton. Circulations of hydrothermal
flulids characterized the subsequent thermal evolution of the
system; they generated a 4 kilometers wide alteration halo in
the tuffaceous rocks surrounding the pluton. The petrological
characteristics of the altered rocks and the fluid inclusion
data argue in the sense that the part of the geothermal
system which 1s actually accessible corresponds to the roots
the fossil systenm.

Fracturing pattern: The weakly fractured rocks represents the
main part of the surface area of the fossil system which
actually outcropss; they are characterized by massive rocks in
which only small discontinuous fractures may be observed. The
fracture density of weakly fractured rocks decreases with
increasing distance to the pluton and desappear out of about
2.5 km from the pluton. The early regional forces controlled
the emplacement of the quartz-diorite pluton of Philipsburg
and the major structural breaks observed in the altered host
rocks. The magmatic stresses created randomly oriented and
interconnected structural breaks which are concentrated at
the margin of the quartz diorite pluton. They led to several
centimeters wide veins which may be continuously observed
over several tens of meters.

Alteration pattern: In the overall system, alteration
conslsts of three concentric zones locally crosscutted by
fault and fracture controlled veins. With increasing distance
from the intrusive body, the following secondary mineral
assemblages crystallize in the weakly fractured rocks :

-epldote + actinolite + quartz + magnetite as far as 300
meters from the intrusion,

~-epldote + quartz + chlorite * haematite between 300 and
3000 meters

-mixed layer illite/smectite (R3 ordering type and 95%
1llite) + mixed layer chlorite/smectite (90% chlorite) +
calcite + haematite between 3000 and 4000 meters.

1_'he paleotemperatures estimated from fluid inclusions study
In quartz and calcite indicate that such alteration zoning
emplaced in a 350 - 200°C temperature range. In the weakly
fractured rocks, t he measured - paleotemperatures
exponentially increase toward the pluton. Chemically, these
a}tere§ rocks do not seems strongly modified:; the most
significant compositional wvariation is a progressive

sl




enrichment in volatile components, (H,0, CO0,), toward the
outest alteration zone. All the fault an% fracture controlled
veins result from two successive hydrothermal stages:

-During The first hydrothermal stage, toumaline + orthoclase
+ actinolite + quartz + apatite + magnetite and sulfides were
deposited in the fractures and their adjacent wall rocks by
NaCl rich brines at temperatures higher than 350°C.

-During a second stage these previous veins were largely
superimposed by phengite + quartz * pyrite alterations. This
highly destructive alteration stage strongly affected the
surrounding wall rock over distances which may attain 10 m on
both sides of the main fractures at temperatures ranging from
350510, 2507C

Chemically, the first vein alteration stage seems controlled
by infiltration of fluids enriched in magmatic components (B,
K, 8, Cl, P and Cu ). The second stage correspond to
important dilution of the previous fluids by meoteric
fluids and led to strong leaching of Na, Ca, Mg, Mn and Fe
elements in the wall rocks.
As a conclusion, the alteration of the weakly fractured rocks
occured near thermal metamorphic conditions ( inactive flow
regime 1in diffusive heat transfert) whereas fractures and
faults were the main channelways to mass and heat transfer in
active flow regime. At the bottom of this geothermal fields
the phengitic veins seems to be useful guides for the
prospection of productive reservoirs.

MINERAL CHEMISTRY OF TOURMALINES FROM THE BOTTINO MINING
DISTRICT, APUANE ALPS (ITALY) DO A AL

- Marco Benvenuti,'Pilério Costagliola, Pierfranco Lattanzi, \ﬁqg 4}2ﬂ,
Dip. Scienze della Terra Universita' di Firenze, Italy
Giuseppe Tanelli, Dip. Scienze della Terra Universita'

Federico II in Napoli, Italy

At Bottino (southwestern Apuane Alps), tourmaline-rich rocks
(tourmalinites) occur within a low-grade, multiply deformed
Paleozoic basement, in close association with Pb-Aq(Zn)
mineralization. On the ground of geological, textural, and
chemical features, they have been interpreted as 1indicators
of exhalative pre-Alpine (Paleozoic?) boron and metal

enrichment.

Electron probe analyses of tourmalines from both
tourmalinites and metapelitic and metavolcanic country rocks
reveal compositions that fall Dbetween "end-member™

schorl-dravite series and a proton- and alkali-deficient
end-member, RI-xR3®"Re®*(B03)3S51¢02803-%x(0OH)21+x. There 1is

only a loose correlation between optical zoning and chemical
compositions. Tourmalines from tourmalinites show average
FeO/(FeO+Mg0) and Naz0/(Naz0+CaO+K20) ratios of 0.56 and
0.67, respectively. Their compositions are similar to
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tourmalines from exhalative tourmalinites, whereas
significantly differ from granite-related tourmalines. They

are slightly Fe-richer, and appear to be affected by higher
degrees of proton loss- and alkali defect-type substitutions

than tourmalines from host rocks. Tourmaline chemistry do not
appear to have been significantly modified by metamorphism,
as evidenced by absence of systematic Mg/Fe partitioning
between tourmaline and metamorphic chlorite.

REFERENCE:
Benvenuti, M., Lattanzi, P., and Tanelli, G., 1989,

Tourmalinite-associated Pb-Zn-Ag mineralization at Bottino,
Apuane Alps, Italy : geologic setting, mineral textures, and
sulfide chemistry : Economic Geology, v. 84, (in press).

"MINERALOGY AND ORIGIN OF APATITE DEPOSITS IN

PROCEMBRIAN STRATA ON ALDAN SCHIELD (SIBERIA, USSR)
A.G.Bulakh, Department of Mineralogy, Geological
faculty, Leningrad state University, Leningrad,
199034, USSR

There are about 20 apatite mineral deposits in_pro-

- cembrian strata on area of Aldan schield now. They

are of two main types: apatite-carbonate '"ores" and

. apatite-silicate "ores". The best example of deposit

with the first "ores" is Seligdar deposit (everage
contain of P205 is about 6,3 %), the second one -
Ukduska (3 %). Seligdar deposit has complicated fold
structure. Here proterosoic apatite-carbonate "ores"
of methasomatic hydrothermal origin occurs in archean
gneises, schists and apatite-bearing marbles. Late
methasomatic veins of anhydrite and (else later) gyp-
sum generated in apatite "“ores'. As result apatite
"ores'" havesuch an average composition (%): apatite
18, carbonates 70, sulfates 0,2, magnetite and hema-
tite 5, schist . silicates >, quartz 1. Apatite has
very unusual brown or red-brown coloure (pigment is

dispersed hematite). Formula of apatite: (Cay o
?

STO,GQTRO,OENaO;OB)5(P304)5(FO,780H0,22)1' Ukduska.

'depositr is an isocline fold of different methamorfic
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rocks. Apatite is concentrated in a very thick stra-
tum of diopside rocks (schists?). Apatite has blue
coloure. It contains 0,60 SrO, 0,22.TR2Q5, 1,80 % 2.

There are a lot of data on chemical composition,
structure and properties of apatite and other minerals

of apatite "ores" from both deposits. Isotopic data
on C, O, Rb, Sr canfirm geological data on priori
sedimentogen source of phosphorus.

References:
A.G.Bulakh, A.A.Zolotareved, all. On mineralogy and
origin of Seligdar apatite deposit. In: International

Geol. Rev. 1985, 02.
A.G.Bulakh, V.N.Schvanov. Apatite sandstones 1in Se-

ligdar river head. In: Lithology and mineral deposits

1986, 053,
A,G.Bulakh, V.N.Gulij, A.A.Zolotarev (in Russian).
Phosphorous ores in procembrian strata of Aldan

schield. 1990. Leningrad, Leningrad University. 4190p.

GENETIC CHARACTERS OF THE GOLD MINERALS IN HONGHUAGOU
GOLD FIELD, CHIFENG, INNER MONGOLIA A4 ST

CAI Aili and AT Yongde, Institute of Mineral Deposits,
Chinese Academy of Geological Sciences, 26 Baiwanzhu-
ang Road, Beijing, 100037, People's Republic of Chi=-
na

The Honghuagou gold field located on the margin of
the North China craton includes 3 gold deposits-Hong-
huagou, Lianhuashan and Chaihuolanzi gold deposits. The
deposits occurred in Archaean metamorphic complex-main-
ly amphibole-~plagioclase gneiss, plagioclase amphiboli-
te, which were migmatized in various extent. The ore
bodies were controlled by the NNW-SN shear zones and
fractures. The gold mineralization commonly and closely
associated with the diorite porphyrite dyke. The ore
bodies of the three gold deposits are mainly auriferous
quartz veins with the only exception in Chaihoulanzi,
where the ore bodies also occurred in altered rocks.The
ore mineral assemblege is uncomplicated and dominated
by a variety of sulphide and oxide minerals, including
pyrite,chalcopyrite,galena and a little pyrrhotite and
sphalerite. The gold mineralization is closely related
to the intrusion of the granitoid in the Yan Shan Oro-
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enye. | :
s The gold mineral is mainly native gold and a little

electrum, which mainly formed 1in four Peri9ds:‘

1.The early quartz period: The mineralization 1n the
period mainly consists of gross -quartz and a few native
gold in filling and replacing veilns. Besides, the gold
also partly oceurred in the both sides of the guartz
veins. The native gold is micro-grained. The fineness
of the native gold is 917.9-941.3. This period appeared
mainly in Chaihoulanzi. _ _
2.The quartz-magnetite-pyrite period: The mineraliza-
tion in the period mainly consists of quartz,magnetite
and gross pyrite. The native gold in fine-grained form-
ed in the magnetite or micro-grained in the intercrys-
talline fractures of the gross pyrite and they ;eplaced
or filled the cracks in the quartz veins. T@e fineness
~of the native gold is 861.7-945.0. This.perlod appeared
typically in Lianhuashan. It is a prin01pa1.period for
the gold forming. The Ag-content in the native gold for

1-2nd periods is less than 10%.
3« The quartz-pyrite-sulfosalt period: The mineraliza-
tion in the period mainly consists of fine-grained
quartz,pyrite and a few Bi-sulfosalts. The native gold
as inclusions dispersed in the fine-grained pyrite ,
quartz or closely associated with sulfosalt and filled
the cracks or cavities of pyrite. The fineness of the
native gold is 834.2-9%5.1. This period extensively ap-
peared in Honghuagou. It is an important period for the
go;d forming. The Ag-content in the native gold is 10-
O%.
4,The quartz-polymetal-sulphide period: The mineraliza-
tion in the period mainly consists of quartz,pyrite |,
chalcopyrite and galena in the form of stringer. The
native gold in fine-grained precipitated with chalcopy-
rite and galena at the same time or a little later and
distributed in the cracks of early pyrite. The fineness
of the native gold is 776.9-789.,1. The mineralization
of this period appeared in Honghuagou and less in Lian-
huashan. The gold forming i1s less than 2-3rd period.The
Ag-content in the native gold is more than 20%.

The fineness of the native gold formed in various
periods falls down regularly from the early to the late
period. The fineness is variable and the mineral assem-
blege,structure and texture also changed with the va-
riety of the depth and temperature. Especially in the
later period of gold forming the native gold formed the
lamellar,tabular and rounded grains of tiny size in the
pyrite and also in Bi-bearing minerals,i.e.,respective-
ly with depth decreased krupkaite,aikinite and schirme-
rite. Both aikinite and tennantite appeared in deeper
and shallower parts. It shows,that the ore forming flu-
ids carried base metals and "granitic component'--Bi in
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hydrothermal process. At the same time the fineness
falls down from 918.5 to 83%4.2. Apparently the fineness
and the other characters of the gold closely related to
the forming environment. According to the cell parame-
ter of gold-bearing pyrite,5.414-5.417,the variety of g,
has no distinct relation to gold content. It shows tha
the gold dispersed as the mechanical-mixture in pyrite.

MINERALOGY STUDY ON VESUVIANITE FROM FUSHAN IRON DEPOSIT, HEBEI PROVINCE,
~ CHINA. AP

Cao Zhengmin and Zhu Hong, Department of Geclogy, Peking University,
Beijing 100871, People’s Republic of China

Macrocrystals of vesuvianite were collected from contact zone of Or-
dovician limestone with Mesozoic diorite., The beautiful colour and huge
size of the crystals are very charming.

The vesuvianites of this district are replacement product of Al-
diopside, monticellite, grossularite and clintonite, formed in early Mg,
Al— skarn stage and associate with blue calcite and wilkeite,

- In general, they have zonal structure with brown centre and green
shell and with dimensions up to 20 cm in width, The crystals are dipy-
ramidal commonly without or with very poorly developed prismatic faces,
the chief forms are e{101},c{001} and k {112}
with other eleven minor forms but {111}
(Fig.1).This dipyramidal cryastal of vesuvia—
nite is the typomorphic characteristic of ’
high temperature. Investigation of goniometry
have found that the usual crystal orientation
is not correct, {111} ought to be {101}.

From the synthetic experiments and pha-
se equilibrium data we know that the for- Fig.1. Crystal forms of
mation of vesuvianite is related to tempe- vesuvianite
rature and XC02 and under the circumstances of water-rach and CO2-poor,
the formation of it is essentially independent of pressure. It forms at
high temperature (500-—600° C) if 5102 is under saturation in the medium,

From the comparison study of numerous data, we find that in addition
to the substitution of Fet= Mg¢®, the replacement of aFedt+nFelt+nTid*
= (m+2n)Al 1is also exist in vasuvianite,

On the basis of 88§ data of chemical compositon of vesuvianite many
from the author of this paper , a new classification of vesuvianite has
proposed by the author, based on ternary system AL203CA)-MgO(M)-Fe0
+Fe203(F) (refarence Fig.2), the vesuvianite may be classified into se-
ven classes, normal vesuvianite (1), Mg-Fe-vesuvianite(]l), Mg-Al-
vesuvianite (JlI), Fe-Al-vesuvianite (IV), Fe-rich vesuvianite (V),
Al-rich vesuvianite (V[) and Mg-rich vesuvianite (V).

The DTA curves shows that the constitutional water of vesuvianite
lose at 1040—1050° C. IR absorption band 3170 cm-'of green ones in
this area is due to the vibration of hydrogen- bond.

The mossbauer data prove that Fe’ ions are able to occupy the 8-
coordinated C sites on 4-fold axis. When the value of Felt(FeltiFed®)

_...9_



is less than 2096, Fe2tions are preferentially to occupy in the 6-
coordinated A sites with a smaller distortion and shorter in bond, while
about the half of Fed'ions in 8-coordinated C sites and the remaining
Fe3*in the 6-coordinated Al Fe sites with a more distortion., When the
value of Fedt (Felt+Fedt) is over 3596, Fe3+only occupy in Al Fe sites,
and Fe¢*mainly in Al Fe sites and B sites (5-coordinated).

Both the content of total Fe and Fedtexisting on C sites in brown
centre are more than that in green shell of single crystal of

vesuvianite.
A

Fig.2. The AMF diagram ;A,;
of classification of
vesuvianite .
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THE DISCOVERY OF THE RESIDUAL SILLIMANITES 1IN
LING-LONG GRANITE, SHANDONG PROVICE CHINA

Chang Lihua and Gao Jicai, Department o fGeology, Changchun University o f Earth
Sciences, Changchun, Ji Lin 130026, People's Republic o f China

The Ling—long granite is gold ore—producing intrusion in Zhao—yuan gold
field, Shandong province. As for 1its origin, different opinions have been
proposed.In studying petrography under microscope, we discoverd colourless,
needle—like inclusions in some quartzs and alkali—feldspars. These very fine inclu-
sions show medium—positive relief under the parallel polarizing microscope, are
about 0.047 mm long and 0.0044 mm wide, and have cracks in the vertical direc-
tion of their extension axis. Under the orthogonal polarizing microscope their in-
terference colours are first—order greyish—yellow, parallel extinction, length slow.
It 1s quite evident that these characteristics are different from those of the adjacent
zirkon. However, they are the same as the sillimanites in the biotite granoblastites
in the Jiaodong Group (country rocks of Ling—long granite). Most of the
sillimanites in the biotite granoblastites occur in form of bunch, some of them are
in form of in needle and stick, and they may appear in the guartz and
alkali—feldspars, which are in no defference from the above—mentioned
needle—like inclusions in optical property.

The microprobe data suggest that the needle—like inclusions are sillimanites
(shown in Table 1), with SiO, content a little higher than that of the sillimanites in
the biotite granoblastites, that is accounted for by the part of SiO, from the
circumferential quartz when punctured by electronic beam. In addition, except for
S10, and Al,0O,, the content of other oxides are little indicating that it could not be
confused with other aluminium—rich silicate minerals.

The above—mentioned facts show that quartz and alkali—feldspars containing

sillimanites in the granite are residual minerals originally existing in the biotite



granoblastite. Their discovery further verified that the formation of Ling—long
granite is closely related to the metamorphic rocks in Jiaodong Group and also
give the evidence on genesis of the Ling—long granite.

Table 1 The data of microprobe analysis on sillimanite (wt%

QCeurgheg in the granoblastites | in the granite
Oxides bunch—like| stick—like | needle—like

S10, 39.53 37.17 46.09
Al;0, 60.09 62.65 53.70
FeO 0.25 005 | 0.00
MgO 0.00 0.00 0.03
CaO 0.00 0.05 0.03
Na,O 0.02 - 0.00 0.08
K,0 0.30 0.00 0.00

100.19 99.92 99.93

Total

A STUDY ON SERICITES IN THE GOLD ORE-FORMING GRANITES

Chang Lihua, Department of Geology, Chang Chun University of Earth
Sciences, Chang Chun,Ji Lin 130026, People’s Republic of China

alteration of the ore— forming

In the study of the gold
granites, we discovered that sericiteschists and quartz—sericitic
rocks widely occur in Llinear distribution in a Lot of magma
hydrothermal gold deposits. They are described as "green guide”.

Sericite substituted
of the sericitization. With the increasing of sericitization in

intensity sudstituted

minerals in the rock From the surface-distributing graph of energy
that the gold are well—distributed and

sericite

for plagioclase only in the early stage

sericites and quartz gradually for all

spectrum, we understand

appear in dispersion in the (electronic micrograph 1|,

omitted) ,which indicates that the physical chemistry condition of
the formation of sericites is just suited to the activity of gold.
The experimental data suggest that the temperature is 300— 3507,
PH is neutral to weak acid at that time, With continuous change of

the physical chemistry condition, the sericite— quartz—pyrite

association appeared, quartz replaced the part of the sericited and
absorbed in the dispersed gold in sericites. The appearance of the

pyrites indicates that the H,S is escaped from the solution. Much

gold precipitated when much pyrites, other sulphides and quartz

crystallized,

The sericites occurred in the assemblage of the scale and

behaved in xenomorphic crystal, its crystal face is twist and

incomplete under the electronic microscope (electronic micrograph




2,omitted) .

The analysis of energy spectrum shows that the components of
the studied sericite are more close to standard metasomatic
muscovite (in Table 1) , but its Si0, content is a little higher

than the standard, which from the occurrence of a small

amount of dispersed silicon in the sericite (electronic micrograph

results

j,omitted) ,The sericite studied isn’t phengite, hydromuscovite and
illite, because of Si : Al=1.4:1 in it, however,Si : Al=3:1 in the
phengite; as compared with hydromuscovite and illite,its Al,0, and
K.0 are higher, but Mg0 is lower. |

Table 1 The content of the oxides of studied
sample and standard mineral (w.t9§)

analytic sample | standard mineral”
Oxides - R
] 2 3 metasomatic hydro- lillite
[ muscovite muscovite
Si0, | 49.96 | 50.09 |50.80 ' 46.77 51. 22 53. 30
ALO, 21 300832 | 3. 41| AR 3415 25.91 26. 00
Ti0, 0.00 | 0.00 | 0.00 0. 21 0.53 0.01
Fe, 0, - | e | 0.71 4.59 2.50
Fe( 3. 68! ek b7 ! lsillse 0.77 1. 70 -
Mg0 | 0.69 | 0.73 | 0.50 0.92 2.84 4. 40
Cal 0.00 | 0.00 | 0.00 0.13 0.16 0.20
N, 0 0.00 | 0.00 | 0.00 0. 47 0.17 0.30 |
K, 0 10.06 | 9.91 | 10.61 10.19 6. IS 708,30 -
H,0 | 5.80 | 5.12 | 5.43 | 4. 64 TV T N T

“ Deer,W.A. 1982, Rock-forming minerals

0o A.\. THE DISCOVERY OF LORANDITE IN CHINA AND ITS STUDY FOR
THE FIRST TIME |

Chen Daiyan, Department of Geology, Guizhou Institute
of Technology, Guiyang, Guizhou 550003, People's Re-
- public ¢of China ' | s |

Lorandite, a rare dispersed element mineral, was
first described by Krenner (1895) who found it at Al-
lchar, Macedonia (Yugoslavia). The lorandite, being




discovered by writer at the first time (1986), occurs

in a strata-bound mercury ore deposit at Lanmuchang,
Xingren county,Guizhou province in China and assocla-

ted with cinnabar realgar, orpiment, pyrite, macarsite,

barite,etc.
Lorandlte has adamantine luster and is semitrans-

parent.Crystals of lorandite are perfect and normally
occur in the form of prisms with size ranging from 1

to 3 mm ( the biggest up to 12 mm) junderrefllected
light it is greyish-white with light blue tint. Strongly
anisotropic, internal reflection bright red. Specific

gravity 5.55. Moss hardness 2.5. Reflectivity (%): Rg!
26+5=—=3%7.5, Rp' 23.9—30.1. Electron microprobe analy-

sis ( on average ) gtve%(%) TL 59,08, &8 8.2, & 1884
Hg 0.18, Sb 0.032, Au 0,111, Ag 0.107, Cd 0,055, In
DO72 7n 0. 022, Cu 0.012, Mn 0.016,  Fe 0.016, Sn 0.066,

Bl O, 051 Se O, 046 totallng 99, 77,13 formu]_ated as. rnl
93 O2)As(1 05)8(2) . DTA shows two endothermal peaks at

298—304°C and at 574—581"°C. The strongest lines in X-
ray powder pattern are (R ): %659, 2.985 and 2.890. Inf-
rared spectrum shows four absorption peaks at %06, 330,

378 and 398 cm .
Combining these data with geological setting of ore

deposit, we shed light on the origin of the lorandite,
and the possibility to serve as an indicator mineral for
prospecting gold deposits and its significance in uti-
lizing rich thallium ore.

A Study Of Sasaite Found In China PO A2,

Chen Daiyan, Department of Geology, Guizhou Institute of Techology Guiyang,
Guizhou 550003, People’s Republic of China

Sasaite was found first by J.Martini (1978) in West Driefontein Cava
Transvaal, South Africa. However it is first reported by writer (1986) in China. It
occurs in an oxidation zone of strata—bound antimony ore deposit at Mul,
Guangnan county, Yunnan province, and coexists with stibiconite, Valentinite and
gypsum.

Sasaite occurs as greyish—white to green colloidal aggregates. It is possessed of
earthy to glassy luster, and has specific gravity 1.87, Moss hardness 2.5—3 and
refractivity 1.477. The strongest lines in X—ray diffraction pattern are (A):11.303,
7.505, 6.937, 6.249 and 2.901. DTA shows three endothermic peaks at 152—159C,
193C , and 698—704C . Infrared absorption spectrum shows H,O and OH,
PO, and SO, vibration zones at 3400, 1395, 1620, 1115, 600 and 520cm. Chemaical
analyses of sasaite gave (%): Al,0, 27.529, P,O, 21.600, SO, 8.216, S10, 0.010,
K,O 0.100, Na,O 0.200, CaO 0.001, MgO 0.001, Fe,0, 0.179, Zn 0.009, Sb 0.099,
H,0O 41.900, summing to 100.017. Its formula 1s Al,(PO,),(50,)(0H),.22H,0.

According to these data, the writer has discussed the genesis of sasaite and

compared with sasaite found from South Africa.




/| | {7 PRINCIPLES OF MINERAL TYPOMORPHISM-ITS SIX ESSENTIAL NATURES

Chen Guangvuan, Sun Daisheng, Division of Genetic Mineralogy, China University of Geosciences,
Beijing, 100083, PRC

In the investigation of a number of W, Cr, Fe, Au deposits in China from the 60's to 8('s is summa-
rized up the principle of six essential natures of typomorphism of minerals (Chen et al., 1986, 1987,
1989) as follows. |

1. Universality of typomorphism of minerals. Typomorphism of minerals is universal in mineral

kingdom since all minerals and all mineral associations are all without exception formed under definite
conditions which leave on them as a rule definite marks or criteria typical of conditions of their forma-
tion. Itll be met with whenever and wherever one comes upon minerals in either natural or artificial sys-
tems. ' |

2. Particularity of typomorphism of minerals. It helps to distinguish typomorphic minerals,
typomorphic mineral associations and typomorphic characteristics of minerals because they display all

"of them particular marks or criteria typical of their conditions of formation in every fine detail.
Ore—forming events are the most particular events in the geological process, in which minerals show al-
ways particularity in typomorphism. For example in gold mineralization the frequency of pyritohedral
habit of pyrite, the total amount of trace elements in quartz and pyrite, the number of decrepitation
pulses of quartz and the intensity of thermoluminescence of potash feldspar always reach its maximum
while the intensity of thermoluminescence of quartz reaches its minimum (Chen et al., 1989).

3. Correspondence of typomorphism of minerals. It exists not only in crystallomorphology but
also in chemical composition and crystal structure, physical properties and crystal physics as well as
structure and texture of intergrown minerals etc. They provide in different respect corresponding infor-
mations of the same conditions of formation of minerals, being able to be correlated and check—up with
each other and used for prediction of one from the other as in garnets and amphiboles of BIF (Chen st
al., 1984).

4. Variation of typomorphism of minerals. It presents not only in crystallomorphology but also
in other respects of typomorphism of minerals.

Based on further processing of guantitative data of typomorphism in time and space, gradient of
variation of typomorphism of minerals plays still more important role.

Small gradient implies stable physico—chemical conditions, present in general in major or principal
diagenetic and mineralization stages, epochs, periods and cycles, also in large rock bodies or ore bodies,
especially in their central parts while great gradient on the contrary implics unstable physico—chemical
conditions changing rapidly in a short time and space, present in general in minor or subordinate
diagentic or mineralization stages, epochs, periods, and cycles, also in small rock bodies and ore bodies,
especially in their marginal or swiftly thinning—out terminal parts.

5. Inheritance of typomorphism of minerals. It occurs between different generations, stages,
epochs, periods, and cycles of minerals from the earlier to the later in evolution of their ontogenetic and
phylogenetic history.

It 1s most easily recognized in chemical composition but also present in other properties related to
composition. The hydrothermal replacement of almandite with almandite molecules up to 93.6% in the
Archaean BIF of Gongchangling Iron Mine by Proterozoic alumino—ferruginous chlorite with f up to
94.8 and interference colour up to second bluish—green (Chen et al., 1984) is the example of inheritance
of principal constituents typomorphic of rich iron deposits. Together with the inheritance of principal
constituents in this example some other properties are also transmissed from the former to the latter like




deep colour, deep absorption , high refraction indices, high specific gravity etc.

Hydrothermal chrome mica with Cr,0, up to 2 wt% afford the example of inheritance of subordi-
nate constituent from Archaean metabasites assimilated by granitoids , being typomorphic of rich or
large gold deposits in Jiaodong region (Chen et al., 1989).

Paramorphs and pseudomorphs are good examples of morphological inheritance with or without
chemical inheritance.

6. Zonation of typomorphism of minerals. It is also not limited within crystallomorphology,
since the latter is controlled not only by conditions of outer media but also by inner composition and
structure of crystals, which will in turn lead certainly to variation of physical properties and crystal
physics meantime.

Obvious zonation can easily be recognized with the naked eye, but hidden zonation of typomorphic
characteristics like thermoluminescence of quartz in auriferous quartz vﬁins (Chen et al., 1989) can only
be detected by quantitative measurements .

Zonation displays the pattern and the direction of variation with its gradient in space and in time .
- It is four—dimensional , three spatial and one temporal, useful for finding out the direction of magmatic
or hydrothermal activity , the structural relation, the magnitude, the degree of denudation and the ex-
tension of rock bodies and ore bodies and the location of required rock facies and rich ore sections.

All the above—mentioned six natures of typomorphism provide a sound basis for mineralogical
mapping, being important for both theoretical and practical purposes.

GOLD AND PGE MINERALS IN PLACER CONCENTRATE FROM DAVAO, MINDANAO
ISLAND, PHILIPPINE ISLANDS

Chen Guangyuan, Li Shuyan, Huang Shaofeng, China University of Geosciences, Beijing, 100083,
PRC, Gong Runtan, Zhaoyuan Gold Conglomerate Co., Shandong, 265400, PRC

Philippine Islands are situated in the central part of the island arcs on the western Pacific rim
nearby the suture line between the Pacific plate and the Eurasian plate. The deepest oceanic trough
known in the world is found on the eastern margin of Philippine Islands. Therefore Mesozoic to
Cenozoic tectonic and magmatic activities are well—developed, being favourable for mantle materials to
reach the earth surface to form exploitable mineral deposits of chromites, titanic iron oxides, gold and
PEG etc.

The investigated sample of placer gold concentrate is collected from Davao which is situated on the
central castern coast of Mindanao Island of the Philippine Islands. Its mineral constituents of noble el-

ements are as the following.

3
2.

Non—mercurous native gold (3) (Augg3AL0136C00.007050.010R Do 009 R U 001F€0.005CT0.004)1 000
Mercurous native gold (6) (Auo.nuASo.lmcuo.mpto.o12Rho.mosomscfomsNiumFeomzc%.omHEo.mn

)1.002

. Goldamalgam (3) (Aug A L0 .0081T0.004R Do 004 R U0 003C 00 001)0.713H B0 28s- Au:Hg=2.09:1.
. y—Goldamalgamite (12) (Aug ARy 131Clg0eR g 035P g 013R Rg 0051T0.005CT0.002F €0.002)0.692H Zo.455-

Au:Hg=1.02:1.

. Polyxene (6) (Ptg;ssFeq 175Cu0,020A Bo.003A Ug 001 H Bo.005PDo.004R Do 026P Do 005 R Ug,00110.001 O9.001C 00,003

Wo.002)0.99 |
Osmiridium (15) (Il'o mosusoptonnk‘-‘o ouRhodeo mC“o.oz?A“o.mAEo.m

Nig 003F€0.002C00.001 W 0.000500.0025{ 80 003)1.002- Ir: Os=72: 28.

The total amount of PGE is up to 1.64, 2.18, 1.10 and 3.12 wt% respectively in the
former four gold minerals and up to 91.44 and 97.21 wt% respectively in the latter two



PGE minerals.
The presence of remarkable PGE in gold minerals and the association of indepen-
dent PEG minerals with gold indicate an ultrabasic to basic origin of the deposit.
Remarkable in association with the above—mentioned ore minerals are the following
two minerals typomorphic of ultrabasic magma:
1. Chromite (4) (Mg, Fe) (Cr, Al, Fe),0, with Cr,0, 44.09, Ti0,0.29. V,0,0.24 in
wt%. |
2. Chrysolite 9) (Mg, Fe),Si0, with MgO / (MgO+Fe0)=77.5%
f=Fe/(Fe+Mg)=0.14, containing also NiO 0.27, V,0, 0.10, Cr,0; 0.05 ,
TiO, 0.02, HgO 0.18 in wt %.
Besides, There are also a number of iron oxides mostly titanic and vanadium—bear-
ing and typomorphic of basic magma found in placer concentrate as the following:

1. Titanium —bearing magnetic (host) (4) with MgO 1.00, TiO, 1.52, Cr,0, 0.21,
V,0, 0.05 in wt.%.

2. Titanohematite (exsolution lamellae) (3) with TiO, 22.11, MgO 3.67,
Cr,0, 0.08, V,0, 0.80 inwt.%.

3. Titanium—bearing maghemite (host) (5) with MgO 9.75, TiO, 1.09, Cr,0, 0.20,
V,0, 0.56 inwt.% .

4. Titanohematite (exsolution lamellae) (5) with TiO, 21.89, MgO 148,
Cr,0, 0.06,V,0, 0.84 in wt.%.

5. Titanohematite (6) with TiO, 27.48, MgO 1.09, V,0, 1.05 in wt.%.

6. Titanium — bearing hematite (6) with TiO, 0.30, MgO 0.39, V,0; 042 in
wt.%. | |

Together with the above—mentioned opaque minerals of titanic and

vanadium—bearing iron oxides present the following two related transparent accessary
minerals:

1. Rutile(3) TiO,, with TiO, 97.72, V.0, 0.58, Ta,0; 0.38, NbD,0O4 0.16,
Ce, 0, 0.35, Y,0; 0.00 in wt%, being Ta,04> Nb,0Os and Ce,0,;> Y,0,.

2. Zircon (12) ZrSiO,, with HfO, 1.49, MgO 0.04, Cr,0, 0.07, V,0,; 0.04,
TiO, 0.04, UO, 0.22, ThO, 0.04 in wt% . Both contain Ti, Mg, Cr, V, U>Th,
being typomorphic also of ultrabasic to basic magma with later geochemical
differentiation. ,

Pyrite and quartz, the two common host and gangue minerals in ordinary gold de-

posits present also in Davao’s placer with the following compositional characteristics

1. Pyrite (3) FeS,, with Au 0.086 (0—0.17), Ag 0.150 (0.13-0.17), Se 0.030, Te 0.063,
Bi10.277 in wt%.

2. Quartz(6) SiO,, with Au 0.00, Ag 0.14, Cr,0, 0.170 (max. 0.34), TiO, 0.165
(max. 0.33), Ce,0, 1.335, La,0, 0.100, Y,0, 0910 in wt%, being
Ce,0,+La,0,> Y,0,.

In Davao’s placer, certain generations of pyrite may still be the host of gold as in
ordinay gold deposits, but it contains Se, Te, Bi1 along with one another in the same
pyrite, displaying altogether a low degree of differentiation. As to quartz, it contains also
Cr, Ti but Ce+La>Y, displaying still the compositional inheritance form ultrabasic to
basic magma with later geochemical differentiation. Rutile shows the same tendency.

From the above — mentioned points it is clear that the mineral constituents of gold
placers from Davao indicate a close genetic connection with the mafic mantle materials
coming from down below.



Note: Chemical compositions are determined by EPA. Number in parenthesis indicates number of
analyses. Morphological study with SEM and measurements of R and VHN are also made.

SIGNICANCE OF MINERAL TYPEMORPHISM STUDY P13
TO PROSPECT AND EVALUATION OF SOME AREAS o 1.5,

Cheng Minging and Wang cunchang (Tianjin Geological Academy,
Ministry of Metallurgical industry, Tianjin 300061, People’s republic of
china ) |

Abstract |

Mineral typemorphism consists of paragenesis and assemblages of min-
erals, their typemorphic charateristics and so on.Quartz is a main mineral
closely related to nonferro—metals ore deposits and gold ore deposits.Study
on its typemorphism is of theoretical and practical signficance.

The: Pangushan quartz—vein type w—deposit in Jiangxi Provine and
some gold deposits in the East Shandong Provinceare taken as examples.

Typemorphism study of quartz from Pangushan w—deposit reveals that
Vertical zoning of minerals is as follows:

1.From top to the depth W—Bi quartz veins show reqular variations in
texture and structure. Quartz grows perpendicular to the vein walls with small
grain size at margins of veins;in middle part of veins it becomes slim crystals.

In the top part of veins is developed crystal geode at margins; in bottom part
the quartz is massive.The orientations of the (100)face of the wolframite

ctystals in the wolframite ore column are also different in diverse part of the
orebody: in the upper part, the wolframite crystals are in random arrange-
ment, assuming the network shape; in the funnel-like middle part, all these
crystals grow perpendicular to the vein wall , with the (100)face essentially
normal to the strike of the ore veins;in the lower part, however, (100)face is
not wholly normal to the strike of the vein wall though the growth of the
wolframite crystals 1s basically perpendicular to the vein wall.

2.Mineral assemblages show regular variation in space, with minerals of
high temperature assemblage such as zinnwaldite, tourmaline and cassiterite
in the upper part whereas those of lower temperature assemblage such as
bismuth sulfosalts and tellurobismuthite group in the lower part .

3.Wolframite in the lower part contains more manganese than that in the

upper part; the physical properties of wolframite also show regular variation
with in creasing Mno; from the upper to the lower homogenization tempera-
ture. quartz tends to fall; the thermal luminescences curve varies regularly in
space too, especially below the 585 level its shape approaches that of the bar-




ren quartz vein.

4. The spatial variations in Bi,S,—Pbs series and telluribiswuthite group
are Characterized by downward depletion in Sulfur.

This 1s helpful to the comprehensive utilization of the ore.

The following discovery is made through typemorphism study of quartz
of some gold deposits in the East Shandong.Province.

1. Quartz within altered—fractured—rock type Au—deposits 1s character-
1zed by K+Na+Al> 1% influx of xxxNc¢x 107%ight unit in the integration
range of 50~ 350C and -single—acute peak thermoluminesence curve;
quartz with in metamorphic hydrothermal gold deposits by K+Na+Al<0.5%
influx of o.x Ncx 107%ght wunit and a—gentle-multipeaked
thetmoluminescence curve in which low temperature peaks become promi-

“nent but meso—themperature peaks are reduced with the ore bodies extending
to depths and pinching out; quertz within the complex deposits of
alferred—fractured—rock type and quartzvein—type gold ore by K+Na+Al
Value from 0.5% to 1%, influx of xNex 10 "ight unit

‘basically single—peak -thermoluminescence curve with Sub—peaks
which goes gentle with depths. | '

2. Light density D . . and D -, of quartz formed in the 2nd ore—form-

2 2
ing stage is proportional to gold grade.

3. Characteristics of quartz inclusion vary with intensities of the altera-
tion.

4. Crystal form of pyfite changes vertically in the pattern.

Thererfore, typemorphism study of minerals not only can predict wheth-
er it 1s a gold—bearing vein or not,but also can determine position .of the
expossure in erosion section especialy a surface expossure of a gold—bearing
quartz vein,it 1s efficient to perdict its potential mineralization.

SPECIFIC FEATURES OF GENESIS OF SUPERGENE MI-
NERALS IN CRIOLITH ZONE,
A«A.CHERNICOV,Institute ofgeology of ore de-
posits, petrography, mineralogy and geochemis-
try, Moscow, 109017, USSR.

1.The earlieideas and theories on the develo-
pment of modern hypergenic origin ofminerals
in all series of permafrost are not proved

by the actual material.Under certain condi-
tions even easl}ly oxidized sulfides of ore
bodies in outcrops do not change and are ac-
cumulated in alluvial deposits in Nordic ars-
eas. Some copper-nickel and other sulphide de-
posits 1n USSR and Northern foreign countri-




es have been discovered due to evacuation of
glacial fans or some other ways of mechani-
cal migration of minerals. Nevertheless the
cryogenic phenomena sighificAntly influence
the supergenicgenesis of minerals in the cry-
olith zone.

2eSignificant geochemical changes of rocks
and ores at negative temperature take place
in the upper layer of the cryolith zone in
the active layer and taliks. These processes
are attributed to significant change ofphy-
sicochemical conditions and permeability of
rocks during periodical freezing and frozen
degradation and also to the specific feat-
ures of underground waters in the permafrost
areas: High concentration of dissolved O,
Chs 5 OYEANnic matter etC, ana a very import=
an% role of water films under a constantly
disturbed thermodynamic equilibriwmThe fol-
lowing elements are very mobile in the up-
per layer of the cryolith zone: Zn, Cu,Ni,

Ag,Cr,Ba,Ti,Pby,Sn,Fe,lMn and others.Under cer
tain conditions it results in leaching of
these elements out of the upper part of the
infiltration zone and accumulation of the
supergene minerals on the way of fLlow of the
ground water to a dicharge area.
The hypergenic minerals,developed below the
active layer at the depth of >500m below
land surface (Northern granite massiff in
North-West part of the Chukotka highlands)
were formed during the preglacial period and
interglacial stages.The absolute ages of the-
se minerals are~300,~500, >500 thousand yeuars.
The permeability to water of the rocks and
ores increased due to multiple warming or co-
oling while the mentioned above chang of phy-
sigochemical and thermodynamic conditions
were accompanied by accumulation of typomor-
phic minerals. The depth of occurrence, the
intensity of hypergene origin of minerals in-
cluding formation of highest quality of Cu,
Ag etc ore depend on a complex combination
cf global, regional and local factors,
S.Thypomorphic supergene minerals and mine-
ral assemblage of permafrost -~ fibroferrite,
melanterite,sulphur, specific brochantites.
acanthite etc are formed during freezing of
fissure water, A comprehensive analysis of
mineral assemblages, a composition of hyper-
gene minerals is an important criterion of
evaluation of the mineral @ccurrences and fo-




1,50 H

recasting of deepseated ore deposits.,

THE ROLE OF CALCIUM SILICOALUMINATE CARBONATE
HYDRATE MINERALS IN THE FORMATION OF PALYGORSKITE

Liberto de Pablo-Galan, Instituto de Geologia,
Universidad Nacional A. de Mexico, 04610 Mexico, D.F.,

Mexico

The formation of palygorskite 1n & marine
environment was documented on Eocene - Pliocene
deposits located in the Yucatan Peninsula, Mexico. In

them, palygorskite appears to have formed from the
reaction between diagenized calcite and an 1gneous
leachate. Alwayvs associated and growing from calcite,
are found calcium silicoaluminate carbonate hydrates
(CSACH) of wvariable composition.

The dolomitized and silicated limestone that encases
palvegorskite contains stalactitic, acicular and
subhedral calcite. Growling from calcite, appear
calcium silicoaluminate carbonate hydrates in the form
of elongated curved crystals in coraliferous
arrangements. The chemical composition changes
progressively from 5.31% to 47.17% Si0Os, 2.91 tc¢ 11.21%

Al, Oz, 0.42 to 3.39% Fe,Os3, 0.90 to 5.71% MgO, 46.69 to
0.68% Cal, 0 to 0.27% TiDs, 1,21 to 0.:20% Nagh; and
0.08 to 0.96% K>0. The total varies from 58.62% for the
high-CaO compositions close to the base of the

coraliferous arrangements anchored on calcite, to
70.83% for the high-S10 compositions detected on the

tips of +the c¢rystals. When these compositions are
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